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In a recent publication [1], we demonstrated that the events in the first observing run of the
Advanced LIGO gravitational wave observatory (aLIGO O1) showed tentative evidence for repeating
“echoes from the abyss” caused by Planck-scale structure near black hole horizons. By considering
a phenomenological echo model, we showed that the pure noise hypothesis is disfavored with a p-
value of 1%, i.e. higher amplitude for echoes than those in aLIGO O1 events are only recovered
in 1% of random noise realizations. A recent preprint by Westerweck, et al. [2] provides a careful
re-evaluation of our analysis which claims “a reduced statistical significance ... entirely consistent
with noise”. It is a mystery to us why the authors make such a statement, while they also find a
p-value of 2±1% (given the Poisson error in their estimate) for the same model and dataset. This is
p-erfectly consistent with our results, which would be commonly considered as disfavoring the null
hypothesis, or “moderate to significant” evidence for “echoes”. Westerweck, et al. [2] also point
to diversity of the observed echo properties as evidence for statistical fluke, but such a diversity is
neither unique nor surprising for complex physical phenomena in nature.
The recent arXiv preprint entitled “Low significance
of evidence for black hole echoes in gravitational wave
data” by Westerweck et al. [2] provides a very thorough
and careful reevaluation of the claims in our article [1],
which presented tentative evidence for repeating echoes
in the gravitational wave observations of binary black
hole mergers, with period of
∆techo ≃ 4GMBHc3
(
1 + 1√
1−a2
)
× ln
(
MBH
Mplanck
)
≃ 0.126 sec
(
MBH
67 M⊙
)(
1 + 1√
1−a2
)
, (1)
due to reflections off putative Planck-scale structure near
horizon of the final black hole with massMBH and dimen-
sionless spin a.
We have been aware of, and keenly following the anal-
ysis of Westerweck et al. (most notably, during the
workshop “Quantum Black Holes in the Sky?” held at
Perimeter Institute in November 2017). Indeed, our own
analysis in [1] has already been significantly improved
through these interactions (compared to its original ver-
sion) [3, 4]. As a result, we have a very high opinion of the
analysis by Westerweck et al., but are perplexed by why
their Abstract/Conclusions misrepresent their findings.
The strongest and ultimate statement in the Abstract
is: “The reduced significance is entirely consistent with
noise, and so we conclude that the analysis of Abedi et al.
does not provide any observational evidence for the exis-
tence of Planck-scale structure at black hole horizons.”
However, their Table I shows the p-value for the
noise hypothesis, using the model and data used
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in Abedi et al. as 0.020 (as opposed to 0.011
in Abedi et al. [1]). By most accounts (e.g.,
https://en.wikipedia.org/wiki/P-value#Usage), this
would be considered a rejection of noise hypothesis (or
“moderate to strong” Bayesian evidence for echoes [5]),
i.e. the opposite of what their Abstract says.
In fact, despite the laundry list of shortcomings of [1]
discussed by Westerweck et al., there is NO evidence that
their improved analysis has reduced the significance, as
their p-value of 0.020 is based on 5 (out of 250) back-
ground peaks that exceed the observed signal. However,
the Poisson noise on 5 discrete events is
√
5, implying
that their estimate of p-value is 0.020 ± 0.009, entirely
consistent with 0.011 of Abedi et al.
There are certainly peculiarities about why certain
events contribute to the echo signal, or the best-fit pa-
rameters, which are important to study and understand.
However, as we elaborate below, they can only be eval-
uated in the context of a (yet non-existent) theoretical
prior for echoes, and do not affect the statistical signif-
icance. Therefore, in their Abstract/Conclusions, West-
erweck et al. do not separate objective statements about
statistical significance, from subjective ones about their
priors: If your coin comes up with 49 heads and 1 tail
after 50 throws, then no one would say its “entirely con-
sistent with noise” for a fair coin.
Below are more detailed comments that elaborate these
points:
1. The only new dataset used by Westerweck et al.
that was not available to us (at the time of our
analysis) is GW 170104. As such, we do not provide
the range of ∆techo expected for this event (which
would depend on the final detector frame mass and
spin), and Westerweck et al. do not state the range
that they used for their analysis either. It should be
2noted that, if similar to previous events the 1-sigma
range for ∆techo is used; there is 32% probability
that it misses the correct ∆techo, which would lead
to a reduced significance (by diluting the
∑
SNR2
signal from previous events).
2. An important finding by Westerweck et al. is that
the least significant LIGO event LVT151012 has the
most contribution to (what we call) tentative evi-
dence for echoes (even though the most significant
LIGO BH event, GW150914 further improves the
p-value by a factor of 3). While this is peculiar, it
would only disfavor echoes if one believes the signif-
icance of echoes should scale with the significance of
main event. However, there is simply no justifica-
tion for this. For example, [6] shows that the SNR2
for echoes can change by 3 orders of magnitude if
the frequency of initial condition for echoes change
by only ±20%. As such, the relative echo signal can
significantly vary over different BH binary events,
as they have different component spins and mass
ratios.
3. Westerweck et al. suggest that, since γ ∼ 1 (with γ
being the ratio of subsequent echoes) is often pre-
ferred when fitting to pure noise, the fact that our
best-fit γ for echo signal is 0.9 is alarming. How-
ever, as it has been shown by e.g., [6, 7], the echoes
are expected to decay as power-laws (or inverse
polynomials; with effective γ ∼ 1), and thus find-
ing γ ∼ 1 cannot distinguish between the noise and
echo hypotheses.
4. It would be very useful if Westerweck et al. could
provide an analog of their Fig. 3, for Arecovered vs
Ainj . The reason is that the procedure of maximiz-
ing SNR used by us and Westerweck et al. tends
to give an overestimate of the best-fit amplitude.
This would explain why LVT151012 has a bigger
recovered amplitude than GW150914, as searching
a larger range of parameter space (for more uncer-
tain ∆techo) tends to find bigger SNR peaks and
thus bigger amplitudes. There is still a noticeable
bump on top of the higher background (hence the
low p-value), but this is why the background for
SNRmax is higher for a noisier event.
5. The discussion around: potential contamination of
the background samples by existing echo signals,
amounts to contradiction in terms! Entire point of
computing a p-value is to evaluate the noise hy-
pothesis, i.e. how often pure noise in data can
mimic echo signal, while one doesnt exist. If you
assume there are already echoes in the data, then
you have already rejected the noise hypothesis!
6. Westerweck et al. state: “we find a p-value for
the null noise only hypothesis of 0.02, higher than
that reported using the restricted background of
0.011 in [20].”, except that they fail to report that
Poisson error of 0.009 in their p-value estimation,
which makes the two values consistent. This also
suggests that our restricted background, critiqued
by Westerweck et al., may have been sufficient for
p-value estimation.
To conclude, while Westerweck et al. [2] provide a
much more thorough statistical analysis in searching for
echoes in LIGO data, they do reproduce our results in
[1]. Their real criticism stems from a simplistic choice
of prior for the echo signal, which in our view is unjus-
tified. Of course, p-values of 1-2% do not amount to
“detections” for good reason. Fortunately, analysis of
new LIGO events by independent methodologies and/or
groups are improving this situation [8, 9].
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